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1. Introduction
The threat to natural ecosystems posed by invasive 
plant species makes control and management of exotic 
weeds a pressing contemporary issue in conservation 
biology (Office of Technology Assessment, 1993; Ran-
dall, 1996; Wilcove et al., 1998; Pimentel et al., 2000). As 
awareness of the invasives problem has grown, an in-
creased emphasis has been placed on developing biolog-
ical controls (Delfosse, 2000). Classical biological control 
involves the discovery, evaluation, and release of natu-
ral enemies of an invasive species from its area of ori-
gin in an attempt to suppress the abundance of the pest 
species in its area of invasion (Murdoch et al., 1985; De-
bach and Rosen, 1991 ; Van Driesch and Bellows, 1993; 
Thomas and Willis, 1998; Strong and Pemberton, 2000).
The argument has been made specifically that biolog-
ical control of weeds should be used in limiting weedy 
plants in natural areas (e.g. Malecki and Blossey, 1994). 
The typical justification for such recommendations is 
that biological control represents an ecological, environ-
mentally sound, sustainable, and cost-effective manage-
ment strategy for invasive weed management (e.g. Mal-
ecki and Blossey, 1994; MacFadyen, 1998). However, the 
deliberate importation and release of any exotic organ-
ism entails an ecological risk to native species (Simber-
loff, 1986, 1992; Howarth, 1991; Simberloff and Stiling, 
1996; Stiling and Simberloff, 2000). Recent case histo-
ries document non-target ecological effects (e.g. Louda 
et al., 1997, 1998; Johnson and Stiling, 1998; Boettner et 
al., 2000; Follett and Duan, 2000; Stiling and Simberl-
off, 2000; Louda and Arnett, 2000; Wajnberg et al., 2001). 
These reports provide added incentive to re-examine the 
criteria used to evaluate ecological risk.
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Abstract
Biological control is proposed as an ecological strategy to manage the threat of invasive plants, especially in natural 
areas. To pursue this strategy, we need to know that the host specificity criteria used to evaluate ecological risk with 
deliberate introduction of an exotic insect for biocontrol are sufficient to predict potential impact on native species. 
Host specificity is defined by adult feeding and oviposition preferences and larval development. One way to evalu-
ate the criteria is to re-examine case histories where ecological effects are recorded, such as that of Rhinocyllus conicus 
Frölich. This flower head weevil, released in North America in 1968 to control exotic thistles like Musk thistle (Car-
duus nutans L), is now reducing seed production by multiple native North American thistle species (Cirsium spp.), 
and local population density of Platte thistle (Cirsium canescens Nutt.). We hypothesized that host specificity of R. con-
icus has changed since pre-release testing, providing an explanation for the unexpected magnitude of the documented 
ecological effects. Instead, when we re-tested host specificity of weevils naturalized over 28 generations, we found 
that host specificity has not changed. Naturalized adults of R. conicus showed strong feeding and oviposition prefer-
ence for Musk thistle over Platte thistle. In addition, larval development by these weevils was faster and more suc-
cessful (to larger size) on Musk thistle than on Platte thistle. Thus, our results indicate that a change in host specificity 
cannot explain the unexpectedly large build-up of R. conicus and significant ecological effect on Platte thistle. We con-
clude that accurate prediction of the potential level of impact on native host plants in the field requires further ecolog-
ical information in addition to host specificity.
Keywords: biological control of weeds, nontarget effects, thistles, Cirsium, inflorescence feeding, Rhinocyllus, Curcu-
lionidae, weed biocontrol, ecological risk
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Insect host specificity, defined as adult preference 
and larval performance, is used to predict post-release 
host range and infer ecological risk (Harris and McE-
voy, 1985; McEvoy, 1996; MacFadyen, 1998; Marohasy, 
1998; Thomas and Willis, 1998; Strong and Pemberton, 
2000). For example, if any host plant feeding by adult 
insects occurs, “It is traditional in host tests to equate 
vulnerability with suitability for larval development” 
(McEvoy, 1996). An underlying assumption implicit 
in this use of host specificity tests is that adult prefer-
ence and larval performance are sufficient to predict 
not only which hosts are likely to be used, but also to 
indicate the relative amount of use secondarily accept-
able (non-preferred) native host plants are likely to ex-
perience (e.g. Zwölfer and Harris, 1984; McClay, 1990; 
Blossey et al., 1994).
Host specificity, however, may not always predict 
the intensity of insect–plant interactions under field 
conditions. For example Larinus planus L., an exotic 
weevil which began to be distributed into the western 
US for control of the exotic Canada thistle (Cirsium ar-
vense) in 1991, is now impacting a native thistle in Col-
orado (Louda and O’Brien, 2001). Redistribution of L. 
planus into the west from the east, where it is adven-
tive, has occurred after host specificity tests were done 
by McClay (1990) using contemporary methods (Louda 
and O’Brien, 2001). McClay (1990) found evidence of 
adult preference for Canada thistle, and better larval 
performance by L. planus on it than on the native North 
American Cirsium spp. he tested. These host specific-
ity results were used, as is usual, to conclude that only 
“occasional feeding and oviposition” would occur on 
native species (McClay, 1990). However, the field data 
now contradict this conclusion, since L. planus signif-
icantly reduces seed production of the native Tracy’s 
thistle [Cirsium undulatum (Nutt.) Spreng. var. tracyi 
(Rydb.) Welsh], near L. planus release sites in Colorado 
(Louda and O’Brien, 2001). Surprisingly, the amount 
of seed destruction in 2000 was greater on the large-
headed native thistle than on the targeted small-headed 
Canada thistle (Louda and O’Brien, 2001). Unexpected 
nontarget effects also have been reported recently in 
insect biological control (e.g. Obrycki et al., 1998; Fol-
lett and Duan, 2000; Boettner et al., 2000; Wajnberg et 
al., 2001), as well as weed biological control (Johnson 
and Stiling, 1998; see also Pemberton, 2000). Such ev-
idence suggests that the assumption that preference 
and performance (host specificity) indicate, not only 
host range, but also the relative vulnerability of related 
native host species under field conditions needs to be 
further evaluated.
One approach for such an evaluation is to re-exam-
ine cases with documented non-target ecological im-
pacts, and to ask if host specificity has changed since 
pre-release testing. If so, the unexpected ecological ef-
fects could be explained by the change. If not, the results 
would imply that additional data were needed to pre-
dict the impact observed in the field. In this study, we 
re-evaluated the preference and performance of Rhino-
cyllus conicus, a weevil released to control exotic thistles 
but recently discovered to be exerting significant ecolog-
ical pressure on a subset of native North American this-
tles (Louda et al., 1997, 1998; Louda, 1998, 2000; Louda 
and Arnett, 2000). Specifically, we tested the host spec-
ificity of weevils naturalized in North America for over 
28 generations to determine if the adult preference or 
larval performance have shifted since pre-release and 
early post-release testing. We hypothesized that host 
specificity has changed, helping to explain the field re-
sults. The null hypothesis is that host specificity has not 
changed, suggesting further data are needed to predict 
the field results.
1.1. Rhinocyllus conicus
Host specificity of R. conicus was evaluated origi-
nally in both the laboratory prior to release and the field 
soon after release in North America. The pre-release 
data were initially available only in unpublished re-
ports (Zwölfer, 1964, 1967, 1969). The data in the pre-re-
lease reports and in early post-release studies were syn-
thesized and finally published by Zwölfer and Harris, 
(1984). Thus, the latter publication represents the best 
published source of information on the host specificity 
of R. conicus.
First, field data from Europe showed that R. conicus 
host use was restricted to true thistles (Carduinae), in-
cluding multiple European Carduus spp., Cirsium spp., 
and Silybum marianum.
Second, the preference tests in Europe showed adult 
R. conicus only marginally accepted most of the Cirsium 
spp. tested for feeding or oviposition, which included 
one North American species, wavyleaf thistle (C. undu-
latum (Nutt.) Spreng.). Overall, the evidence suggested 
that R. conicus adults strongly preferred Carduus nutans 
over the Cirsium spp. tested (Zwölfer and Harris, 1984). 
After release in North America, the weevils from Europe 
also exhibited a preference in the field for Carduus nu-
tans over Cirsium spp. thistles. For example, Rees (1977, 
1978) found R. conicus in Montana had oviposited on 98–
99% of the exotic C. nutans, versus on 22–41% of the co-
occurring native wavyleaf thistle, C. undulatum.
Third, larval performance on C. nutans was better 
than that on the Cirsium spp. tested. For example in a 
small-scale post-release Canadian test, larval mortality 
was 20 times higher, larval size was “smaller,” and new 
adult body mass was 5.8% lower for R. conicus on a na-
tive thistle, Cirsium flodmanii (Rydb.) Arthur, than it was 
on the exotic weedy thistle, C. nutans (Zwölfer and Har-
ris, 1984). Based on such results from the host specificity 
testing, Zwölfer and Harris (1984) predicted that stron-
ger oviposition preference for C. nutans and greater lar-
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val performance on it would preclude significant ecolog-
ical effects on North American Cirsium spp. They stated 
(p. 59) that it was: “unlikely that the native thistles will 
be adopted as a prime host.”
Fourth, in spite of this evidence of preference for and 
better performance on C. nutans, R. conicus now uses 
about a third of the species of native North American 
Cirsium thistles examined (Goeden and Ricker, 1986a, 
1986b, 1987a, 1987b; Turner et al., 1987; Palmisano and 
Fox, 1995; Herr, 2000), and frequency of use appears 
to be increasing in preserves and national parks of the 
Great Plains and Rocky Mountains (Louda et al., 1997, 
1998; Louda, 1998, 2000). Furthermore, where experi-
mental and long-term data on thistle–insect interactions 
were available, the evidence also suggested that the in-
crease in R. conicus has had significant direct and indi-
rect ecological consequences (Louda et al., 1997, 1998; 
Louda, 1998, 2000; Louda and Arnett, 2000). For Platte 
thistle (Cirsium canescens Nutt.), production of viable 
seeds per plant decreased significantly (Louda et al., 
1997, 1998), plant density in demography plots declined 
dramatically (Louda and Arnett, 2000), and populations 
of a floral-feeding native fly (Paracantha culta Weid. 
[Tephritidae]) appear to have been impacted negatively 
(Louda et al., 1997, 1998; Louda and Arnett, 2000). Thus, 
this case history provides an exceptional opportunity to 
re-examine host specificity and to ask if it has changed 
enough to explain the magnitude of these documented 
ecological effects.
2. Methods
To evaluate the effectiveness of the preference and 
performance components of host specificity in this 
case, we repeated the original tests using R. conicus 
naturalized in Nebraska. The first experiment was de-
signed to be similar to the original laboratory screen-
ing tests (Zwölfer and Harris, 1984) to determine ovi-
position preference of R. conicus between the exotic 
Musk thistle, C. nutans L. subsp. leiophyllous (Petr.) Stoj. 
and Stef., naturalized in Nebraska (USDA, Natural Re-
source Conservation Service, 1999) and the heavily-im-
pacted native Platte thistle, C. canescens Nutt. (Louda et 
al., 1997; Louda and Arnett, 2000). In this test we quan-
tified egg load in laboratory tests of oviposition choice. 
The second experiment was designed to parallel the 
garden experiments done in the biological control pro-
gram to assess larval development (Zwölfer and Har-
ris, 1984). In this test, we quantified larval survival and 
development of naturalized R. conicus on both natu-
ralized Musk thistle and on native Platte thistle under 
field conditions.
For the first experiment to evaluate oviposition pref-
erence, we collected adult R. conicus in early June 1998 
in western Nebraska from both Musk thistle (Lincoln 
County, n = 30 mating pairs) and Platte thistle (Arthur 
County, 80 km northwest of Lincoln County site; n = 30 
mating pairs). In the laboratory at the University of Ne-
braska Cedar Point Biological Station in Ogallala Ne-
braska, flasks containing one branch of Platte thistle and 
one of Musk thistle in hydroponic solution were placed 
inside each of 32 insect rearing cages (30 × 30 × 30 cm; 
0.5 mm mesh). The branches were matched by the num-
ber and size of flower heads. Two mating pairs of R. 
conicus adults collected from a host plant species were 
placed into each cage (n = 16 replicates for weevils from 
each host plant species).
The number of eggs laid on each head was recorded 
in the morning, afternoon, and evening for 5 days. We 
used the number of eggs on the morning of the third 
day to quantify oviposition preference because most 
of the weevils (90%) had laid eggs by the end of the 
second day and because egg cases began dropping off 
by the fourth day. The response variable, number of 
eggs laid per head, was analyzed with a two-way AN-
COVA. Although heads were paired initially by size 
(diameter) within each replicate, flower head diameter 
was transformed (log10) to normalize the data and used 
as a covariate since egg deposition could vary with 
flower head size differences among replicates. The con-
trasts in egg deposition analyzed were: host plant spe-
cies in the field (Musk or Platte thistle) vs. host plant 
species observed for oviposition in the lab (Musk or 
Platte thistle).
For the second experiment to assess larval perfor-
mance in the field, we collected adult R. conicus in mid-
May 1998 from two Musk thistle populations (Lincoln 
County, 8 km apart) and two Platte thistle populations 
(Arthur County, 8 km apart). These areas were chosen 
to be as close as possible (80 km) since these thistles do 
not occur in the same microhabitat. In early May, fine 
mesh enclosure bags were placed over a subset of unin-
fested flowerheads at one site for each species (n = 200/
site) to protect flower heads from insect feeding prior to 
experimental treatment. Mating pairs of weevils were 
collected in mid-May (n = pairs): musk site 1, n = 408; 
musk site 2, n = 42; Platte site 1, n = 238; Platte site 2, n = 
98. We randomly assigned two mating pairs of weevils 
from a single host population to a flower head within a 
site. Weevils were placed onto the flower heads within 
the enclosure bags at both the main Musk site and at the 
main Platte site. Adult weevils were removed from the 
bags after 5 days or after they had laid at least four eggs, 
a low density (Louda, 1998; unpublished data). In addi-
tion, egg density was standardized to flower head di-
ameter; so, larger heads were allowed to receive more 
eggs, to create equal density per unit volume of flower 
head. Excess eggs were scraped off the head. The bags 
were kept over the heads until either the larvae were 
sampled or the adult weevils that developed from the 
eggs were collected.
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To quantify larval development, we randomly chose 
flower heads at each main site after 6 weeks, and dis-
sected them. Live larvae were weighed to 0.01 mg (Platte, 
n = 22 heads, 28 larvae; musk, n = 23 heads, 42 larvae). 
The remaining flower heads were collected in early Au-
gust as weevils matured, returned to the laboratory, and 
dissected. Adult progeny were removed, counted, dried 
in a drying oven for 24 h at 97 °C, and weighed to the 0.01 
mg (musk source/musk host: n = 76; Platte source/musk 
host: n = 69; musk source/Platte host: n = 146; Platte 
source/Platte host: n = 98). The effect of the source thistle 
species from which the weevils were collected (musk or 
Platte) and the effect of the host thistle species on which 
the weevils were raised (musk or Platte) were the two 
treatments in the ANCOVA. Transformed (log10) flow-
erhead diameter (mm) was used as the covariate. Trans-
formed (log10) body masses of larvae and of the newly de-
veloped adult progeny were the two response variables.
3. Results
In the first experiment, oviposition rates by naturalized 
R. conicus were significantly greater on naturalized Musk 
thistle (C. nutans) than on native Platte thistle (C. cane-
scens; Figure 1), consistent with the original tests (Zwölfer 
and Harris, 1984). Weevils laid eggs on the exotic Musk 
thistle in 93% of the cages, but on the native Platte thistle 
in only 68% of the cages. Significantly greater numbers of 
eggs were laid on Musk thistle than on Platte thistle (P< 
0.001, Figure 1). Flowerhead diameter was a significant 
covariate (F1,156 = 4.07, P = 0.046) as expected, but the host 
plant from which the weevils were collected in the field 
did not have an effect (F1,156 = 0.54, P = 0.46). The stron-
gest effect in the statistical analysis of this laboratory test 
was host plant oviposition choice (Figure 1). These results 
parallel those reported for the early post-release assess-
ment in Montana: more Carduus plants than C. undulatum 
plants had eggs (Rees, 1977, 1978), and more eggs were 
laid on C. nutans than on the Cirsium spp. thistles present 
(Zwölfer and Harris, 1984).
In the second experiment, larval development mea-
sured as larval mass at 6 weeks was significantly greater 
on the naturalized exotic thistle than on the new native 
host thistle (Figure 2a, F1,63 = 5.75, P = 0.02). These re-
sults parallel those summarized by Zwölfer and Harris 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Average number of eggs (± 1 S.D.) laid by natural-
ized Rhinocyllus conicus weevils on the native Platte thistle 
(Cirsium canescens) versus on the naturalized exotic musk this-
tle (Carduus nutans subsp. leiophyllous) in our laboratory ovipo-
sition-choice experiment. Significantly more eggs were laid on 
musk thistle than on Platte thistle (F1,156 = 14.02, P < 0.001). Sta-
tistics are based on log10-transformed data.
Figure 2. (a) The average mass (± 1 S.D.) of larvae of naturalized 
Rhinocyllus conicus raised on naturalized musk thistle (Carduus 
nutans subsp. leiophyllous) was significantly greater than that 
of larvae raised on the newly adopted native host, Platte this-
tle (Cirsium canescens) (F1,63 = 5.51, P = 0.02); and (b) the average 
mass of adult weevils raised on musk thistle and those raised 
on Platte thistle was not significantly different (F1,55 = 0.07, P = 
0.07), although there was a tendency toward being greater for 
weevils emerging from musk thistle than from Platte thistle. 
Statistics are based on log10-transformed data.
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(1984) for the early studies. The thistle species from 
which a weevil was collected (F1,63 = 5.90, P = 0.02), as 
well as the covariate flowerhead diameter (F1,63 = 22.43, 
P< 0.001), helped explain the variation in larval mass 
observed (Figure 2a). Larvae developing from eggs laid 
by weevils from Musk thistle did not grow as well on 
Platte thistle as did larvae developing from eggs laid by 
weevils from Platte thistle.
However, larval performance measured as final 
adult size (mass) did not differ significantly between 
host plant species. None of the effects were significant 
in the full model (Figure 2b; thistle species on which 
weevil was raised: F1,55 = 3.22, P = 0.07; thistle species 
from which parental weevil was collected: F1,55 = 1.84, 
P = 0.18; flowerhead diameter: F1,55 = 0.71, P = 0.40). Al-
though we found no significant difference in adult mass 
between weevils that developed on Musk thistle versus 
on Platte thistle (P = 0.07, Figure 2b), the trend observed 
was toward larger individuals on Musk thistle and this 
was consistent with the original observations (Zwölfer 
and Harris, 1984).
4. Discussion
Our results eliminate the hypothesis that host spec-
ificity, measured as adult preference and larval perfor-
mance, changed significantly between the pre-release 
studies and the occurrence of major post-release non-
target ecological effects on Platte thistle in Nebraska. In-
stead, our results suggest that the host specificity crite-
ria predicted the acceptance, but not the magnitude of 
feeding observed on this native species. In spite of stron-
ger preference for (Figure 1) and higher performance 
on (Figure 2a) Musk thistle, oviposition and develop-
ment by naturalized R. conicus on Platte thistle has re-
duced the seed production (Louda et al., 1997) and plant 
density in demography plots has dropped dramatically 
(Louda and Arnett, 2000).
One potential reason for the discrepancy between the 
expectation of only limited impact based on host specific-
ity tests (Zwölfer and Harris, 1984) and the ecological ef-
fects actually observed in Nebraska is that the preferred 
host plant (C. nutans) does not co-occur with Platte this-
tle (C. canescens) within Sand Hills prairie in Nebraska 
(personal observation). Thus, adult preference and rela-
tive larval performance were basically irrelevant for pre-
dicting ecological impact here. Once the weevils had dis-
persed into the region, the sparse less-preferred native 
thistles provided the only acceptable resource for the 
weevils. Interestingly, one inference from this result is 
that relative preference and performance could become 
irrelevant if biological control succeeds in reducing the 
density of its targeted host plant. As the preferred weedy 
species becomes less available, the acceptable secondary 
native species may become more vulnerable.
This study is the first quantitative re-evaluation of 
host specificity in a case with documented non-target 
feeding by a screened biological control agent for an ex-
otic weed. The results suggest that the host-specificity 
criteria, adult preference and larval performance, only 
provided evidence that feeding could occur on the na-
tive Cirsium spp. The use of these criteria to predict rel-
ative impact on native species fell short of doing so for 
Platte thistle (C. canescens), the one case with quantita-
tive data on seed production and regeneration before 
and after R. conicus adoption of a native thistle. Thus, 
the data from this case history now provide quantitative 
support for the suggestion that additional, ecological 
criteria are needed to estimate the potential ecological 
risk of biological control agents to native species that are 
secondary host plant species (Harris and McEvoy, 1985; 
McEvoy, 1996; Louda, 1998, 1999; Louda et al., 1998; 
Strong and Pemberton, 2000). We conclude that this case 
history provides a challenge to host specificity as a de-
finitive criterion for predicting ecological effects, spe-
cifically when the standard tests indicate that the host 
range likely includes native species as secondary hosts 
(Pemberton, 2000).
Other insect species that have been released in con-
temporary biological control programs may have sim-
ilar potential for unexpected side effects. For example, 
the purple loosestrife borer (Hylobius transversovitta-
tus Goeze: Curculionidae) was introduced into North 
America in 1992 for the control of purple loosestrife 
(Lythrum salicaria L.). Host specificity tests provided 
evidence that this weevil would oviposit on native 
species (L. alatum Pursh., Gaura parviflora Dougl.) and 
that larval development was successful on some na-
tive species (L. alatum Pursh.; Docodon verticillatus (L.) 
Ell.; Blossey et al. 1994). Yet, as is usual, Blossey et al. 
(1994, p. 131) concluded: “Results of the host specific-
ity screening demonstrated that [the natives] swamp 
loosestrife and winged lythrum … should be safe from 
attack by the purple loosestrife borer.” Based on our re-
sults and the other recent evidence on non-target use of 
native species (above), this conclusion appears prema-
ture. In cases such as this, we suggest further tests of 
population growth and impact on native species when 
the preferred (targeted) host species is rare appear 
merited. This suggestion is reinforced by the results of 
a recent review of non-target effects in weed biological 
control cases. Pemberton (2000) found that non-target 
effects are almost exclusively recorded in cases of bio-
logical control where the targeted weed has native rel-
atives and when the alien insect agents are not strictly 
monophagous.
Additional ecological criteria, such as relative flow-
ering phenology and relative availability of alterna-
tive acceptable species, could be used to supplement 
host specificity tests (Harris and McEvoy, 1985; Louda, 
1998, 1999, 2000). In this case, phenological similarity 
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in flowering between Platte thistle and Musk thistle, 
and their synchrony with R. conicus oviposition, sug-
gest that Platte thistle should have been tested as a po-
tential host (Louda, 1998, 1999, 2000; Louda and Ar-
nett, 2000). In addition, ecological theory suggests that, 
when population densities of interacting species are 
spatially and temporally dynamic, prediction of inter-
action strength requires information on predator (her-
bivore) acceptance and performance on alternate prey 
(hosts) when the preferred prey species is rare or ab-
sent (no choice tests), as well as when the preferred 
species is available (choice tests). Although the utility 
and importance of no-choice tests in biological control 
has been questioned (e.g. Blossey, 1995; Clements and 
Cristofaro, 1995; Marohasy, 1998), this case provides 
quantitative data in support of the suggestion that such 
tests are likely to be important in the prediction of eco-
logical risk (e.g. Harris and McEvoy, 1985; Strong and 
Pemberton, 2000).
The results presented here are important for the con-
servation community, we think, because they suggest 
that evaluation of environmental risk associated with 
the release of exotic insects in biocontrol introductions 
is still incomplete. In our case, host specificity was not 
adequate to predict the interaction in the field and its 
population consequences for a native plant that was 
acceptable to, but not preferred by, the biological con-
trol agent. Thus, we conclude that the scientific proto-
cols used to assess such environmental risk could be im-
proved. Ecological parameters that could provide some 
of the needed supplementary insights include data on: 
(i) life history of related, potential hosts (Louda et al., 
1997, 1998); (ii) spatial and temporal variability of the 
targeted invasive plant and the native potential host 
plant (Diehl and McEvoy, 1989); (iii) density-depen-
dence of an alien insect’s response to native species in 
relation to exotics (Denno and Peterson, 1996); and (4) 
potential indirect effects on native communities medi-
ated through food webs (Andres, 1985; McEvoy, 1996; 
Simberloff and Stiling, 1996; Stiling and Simberloff, 
2000; Henneman and Memmott, 2001; Louda and Rand, 
2001). Additional study of other biological control proj-
ects already in progress could be used to evaluate these 
suggestions.
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